We claim: 



CLAIMS 



\ . A method for identifying an agent that alters mitochondrial ATP 
production, comprising: 

comparing (i) a level of binding of an endogenous inhibitor of ATP synthase 
to an ATP synthase >subunit in the presence of a candidate agent to (ii) the level of binding 
of an endogenous inhibitor of ATP synthase to an ATP synthase subunit in the absence of 
the candidate agent, wherein an altered level of binding indicates that the agent alters 
mitochondrial ATP production. 

2. The method according to claim 1 wherein the endogenous inhibitor 
of ATP synthase is an IF 1 . \ 

3. The method according/to claim 2 wherein the IF1 is a mammalian 
IF1. \ S 

4. The method according to claim 3 wherein the mammalian IF1 is 
selected from the group consisting of aonouse IF 1, a rat IF 1, a rabbit IF1, a bovine IF1, a 
canine IF1, a non-human primate IF1 andV human IF1 . 

5. The method according^ to claim 2 wherein the IF1 comprises a 
portion of an IF 1 polypeptide, said portion comprising a polypeptide of less than 35 amino 
acids. \ 

6. The method according to claim 5 wherein the portion of an IF 1 
polypeptide comprises a polypeptide selected from the group consisting of the IF1 fragment 
14-47 set forth in SEQ ID NO:29, the IF1 fragment 14-46^et forth in SEQ ID NO:67, the 
IF1 fragment 14-45 set forth in SEQ ID NO:66, the IF1 fragrritent 14-44 set forth in SEQ ID 
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NO:65, theVl fragment 14-43 set forth in SEQ ID NO:64 and the IF1 fragment 14-42 set 
forth in SEQIC(N0:63. 

7. \ The method according to claim 5 wherein the portion of the IF1 
polypeptide comprises IF1 fragment 14-47 (SEQ ID NO:29). 
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8. & method for identifying an agent that alters mitochondrial ATP 
production, comprising^ 

contactingXin the absence and presence of a candidate agent, an isolated IF1 
polypeptide and an isolated mitochondrial ATP synthase, wherein the ATP synthase is 
capable of ATP synthesis, undernutritions and for a time sufficient for ATP production to 
occur; and 

comparing a levVl 6f ATP production by the ATP synthase in the presence 
of the candidate agent to a levelWtfVFr production in the absence of the candidate agent, 
and therefrom identifying an agenftthat alters mitochondrial ATP production. 



9. The method According to claim 8 wherein the IF1 comprises a 
portion of an IF 1 polypeptide, said portion comprising a polypeptide of less than 35 amino 
acids. 

10. The method according to claim 9 wherein the portion of an IF1 
polypeptide comprises a polypeptide selected from the group consisting of the IF1 fragment 
14-47 set forth in SEQ ID NO:29, the IF1 fragment 14-46 set forth in SEQ ID NO:67, the 
IF1 fragment 14-45 set forth in SEQ ID NO:66\the IF1 fragment 14-44 set forth in SEQ ID 
NO:65, the IF1 fragment 14-43 set forth in SEq\d NO:64 and the IF1 fragment 14-42 set 
forth in SEQ ID NO:63. 



11. The method according to claVn 9 wherein the portion of an IF 1 
polypeptide comprises IF1 fragment 14-47 (SEQ ID NOL29). 
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12\ ThgNmethod according to claim 8 wherein the isolated mitochondrial 
ATP synthase is p^rt oX a/submitochondrial particle or an alkaline submitochondrial 
particle. 

13. A method for treating diabetes comprising administering to a patient 
in need thereof an effective amount of a compound that (a) increases the synthesis of 
mitochondrial ATP in cells, (b) decreases the hydrolysis of mitochondrial ATP in cells, or 
(c) does both (a) and (b). 



14. The method according to claim 13, wherein the compound is 
selected from the group consisting of a composition that inhibits one or more activities of 
jrf IF 1 and a composition that mimics IF 1 . 



15. The method according to claim 14 wherein the composition that 
mimics IF1 comprises a portion of an IF 1 polypeptide, said portion comprising a 
polypeptide of less than 35 amino acids. 

16. The method according to claim 15 wherein the portion of an IF 1 
polypeptide comprises a polypeptide selected from the group consisting of the IF1 fragment 
14-47 set forth in SEQ ID NO:29, the IF1 fragment 14-46 set forth in SEQ ID NO:67, the 
IF1 fragment 14-45 set forth in SEQ ID NO:66, the IF1 fragment 14-44 set forth in SEQ ID 
NO:65, the IF1 fragment 14-43 set forth in SEQ ID NO:64 and the IF1 fragment 14-42 set 
forth in SEQ ID NO:63. 

17. The method according to claim 15 wherein the portion of an IF 1 
polypeptide comprises IF1 fragment 14-47 (SEQ ID NO:29). 
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18. The method according to claim 15 wherein the composition that 
mimics IF1 comprises a fusion protein, the fusion protein comprising at least one of an 
optional epitope tag, a cellular transport sequence, and an organellar targeting sequence. 

19. The method according to claim 18 wherein the fusion protein 
comprises an amino acid sequence as set forth in SEQ ID NO:71 . 

A method for identifying an agent useful for treating diabetes, 
comprising comparing (i) a level of ATP in a biological sample comprising at least one 
mitochondrion beiWe contacting the sample with a candidate agent, to (ii) the level of ATP 
in the sample after (contacting the sample with the candidate agent, wherein an increased 
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W level of ATP indicate^the agent is useful for treating diabetes. 



21. Thd method according to claim 20 wherein the level of ATP in the 



y sample is an intramitochonqfial lptfgKpf ATP. 



ru 

22. A meth\d fo\ identifying an agent that alters glucose homeostasis, 

nJ comprising: 

(a) contacting k first biological sample comprising an insulin producing 
cell with a candidate agent and a seVond biological sample comprising an insulin producing 
cell with an IF1 polypeptide, in the presence of glucose and for a time sufficient for the 
cells to secrete insulin; 

(b) measuring an amount of glucose stimulated insulin secretion (GSIS) 
in each of the first and second biological samples; and 

(c) comparing the amouftt of GSIS in the first biological sample to the 
amount of GSIS in the second biological sample to detect an effect of the candidate agent 
on GSIS that mimics the effect of the IF1 polypeptide on GSIS, and therefrom identifying 
an agent that alters glucose homeostasis. 
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23. The method according to claim 22 wherein the insulin producing cell 
isINS-1. \ 

24. \ The method according to claim 22 wherein the IF1 comprises a 
portion of an IF 1 polypeptide, said portion comprising a polypeptide of less than 35 amino 
acids. \ 

25. Tne method according to claim 24 wherein the portion of an IF 1 
polypeptide comprises a polypeptide selected from the group consisting of the IF1 fragment 
14-47 set forth in SEQ ID NO:29 5 the IF1 fragment 14-46 set forth in SEQ ID NO:67 5 the 
IF1 fragment 14-45 set forth in SEQ ID NO:66 5 the IF1 fragment 14-44 set forth in SEQ ID 
NO:65, the IF1 fragment 1443 set forth in SEQ ID NO:64 and the IF1 fragment 14-42 set 
forth in SEQ ID NO:63. \ 

26. The method of claim! 24 wherein the portion of an IF 1 polypeptide 
comprises IF1 fragment 14-47 (SE^ IDNO:29). 

27. The method of claim 22 wherein the IF1 polypeptide comprises a 
fusion protein, the fusion comprising (i) an optional epitope tag fused to (ii) a cellular 
transport sequence fused to (iii) ala organella*- targeting sequence fused to (iv) an IF1 
polypeptide. \ 

28. The method of claim 27 wherein the optional epitope tag comprises 
an amino acid sequence selected from tha group consisting of SEQ ID NOS:l-9, and 68. 

29. The method of claiira27 wherein the optional epitope tag comprises a 
polyhistidine tag. \ 
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\o. The method of claim 29 wherein the polyhistidine tag comprises an 
amino acid sequence as set forth in SEQ ID NOS:l or 68. 

31. \ The method of claim 27 wherein the cellular transport sequence 
comprises a tat sequence. 

32. The method of claim 3 1 wherein the tat sequence is selected from the 
group consisting of the amino acid sequences set forth in SEQ ID NOS: 10, 27 and 70. 

33. The method of claim 27 wherein the organellar targeting sequence 
comprises a mitochondrial targeting sequence. 

34. The method of claim 33 wherein the mitochondrial targeting 
sequence comprises an amino aoid ^fequWe as set forth in SEQ ID NO:69. 

35. The methocft of Maim 27 wherein the IF1 polypeptide comprises an 
amino acid sequence selected froiA the^gfoup consisting of the amino acid sequences set 
forth in SEQ ID NOS:12, 13, 29, 63,W 65, 66 and 67. 

36. The method according to claim 27 wherein the optional epitope tag 
comprises a polyhistidine tag having an abino acid sequence as set forth in SEQ ID NOS:l 
or 68, the cellular transport sequence comprises a tat sequence as set forth in SEQ ID 
NO: 70, the organellar targeting sequence cdimprises a mitochondrial targeting sequence as 
set forth in SEQ ID NO:69, and the IF1 polweptide comprises an amino acid sequence as 
set forth in SEQ ID NO:29. \ 

37. The method according to elaim 27 wherein the fusion comprises an 
amino acid sequence as set forth in SEQ ID NO:71l. 
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S§. A method for identifying an agent that alters mitochondrial ATP 
hydrolase activity\comprising: 

(a) \ contacting a first biological sample comprising an isolated 
mitochondrial ATP synthase with a candidate agent and a second biological sample 
comprising an isolated mitochondrial ATP synthase with an IF1 polypeptide, under 
conditions and for a time sufficient for mitochondrial ATP hydrolase activity to occur; 

(b) measuring a level of mitochondrial ATP hydrolase activity in each of 
the first and second biological samples; and 

(c) comparing the level of mitochondrial ATP hydrolase activity in the 
first biological sample to me level of mitochondrial ATP hydrolase activity in the second 
biological sample to detect an effect of the candidate agent on mitochondrial ATP 
hydrolase activity that mimics the effect of the IF1 polypeptide on ATP hydrolase activity, 
and therefrom identifying an agent tKat alters mitochondrial ATP hydrolase activity. 

39. The method according to claim 38 wherein the IF1 comprises a 
portion of an IF 1 polypeptide, sailfl portion comprising a polypeptide of less than 35 amino 
acids. \ ' 

40. The method according to claim 39 wherein the portion of an IF 1 
polypeptide comprises a polypeptide selected from the group consisting of the IF1 fragment 
14-47 set forth in SEQ ID NO:29, the IF1 fragment 14-46 set forth in SEQ ID NO:67, the 
IF1 fragment 14-45 set forth in SEQ ID NO:66, the IF1 fragment 14-44 set forth in SEQ ID 
NO:65, the IF1 fragment 14-43 set forth ife SEQ ID NO:64 and the IF1 fragment 14-42 set 
forthinSEQIDNO:63. \ 

41. The method accordinguo claim 39 wherein the portion of an IF 1 
polypeptide comprises IF1 fragment 14-47 (SEQ ID NO:29). 
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\l. The method according to claim 38 wherein the IF1 polypeptide 
comprises a fusion protein as set forth in (SEQ ID NO:71). 

43. \ The method according to claim 38 wherein the isolated 
mitochondrial ATP \ synthase is part of a submitochondrial particle or an alkaline 
submitochpndrial particle. 

44. Tlae method according to claim 38 wherein the mitochondrial ATP 
hydrolase activity is inhibited. 

45. A method for identifying an agent for treating diabetes, comprising: 

(a) contacting a first biological sample comprising an isolated 
mitochondrial ATP synthase with a candidate agent and a second biological sample 
comprising an isolated mitocljmdnM ATP synthase with an IF1 polypeptide, under 
conditions and for a time sufficlenttfbr ^Mitochondrial ATP hydrolase activity to occur; 

(b) measuring a letel of mitochondrial ATP hydrolase activity in each of 
the first and second biological sample^; an** 

(c) comparing the^evel of mitochondrial ATP hydrolase activity in the 
first biological sample to the level W mitochondrial ATP hydrolase activity in the second 
biological sample to detect an eflfect of the candidate agent on mitochondrial ATP 
hydrolase activity that mimics the effect of the IF1 polypeptide on ATP hydrolase activity, 
and therefrom identifying an agent for freating diabetes. 

46. The method according to claim 45 wherein the IF1 comprises a 
portion of an IF 1 polypeptide, said portion! comprising a polypeptide of less than 35 amino 
acids. \ 

47. The method according\to claim 46 wherein the portion of an IF 1 
polypeptide comprises a polypeptide selected from the group consisting of the IF1 fragment 
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14-47 set forth in SEQ ID NO:29, the IF1 fragment 14-46 set forth in SEQ ID NO:67, the 
IF1 fragment m-45 set forth in SEQ ID NO:66, the IF1 fragment 14-44 set forth in SEQ ID 
NO:65, the IF1 fragment 14-43 set forth in SEQ ID NO:64 and the IF1 fragment 14-42 set 
forth in SEQ IDNO;63. 

48. \ The method according to claim 46 wherein the portion of an IF1 
polypeptide comprises IF1 fragment 14-47 (SEQ ID NO:29). 

49. UTie method according to claim 45 wherein the IF1 polypeptide 
comprises a fusion profbin as set forth in (SEQ ID NO:71). 

50. The method according to claim 45 wherein the isolated 
mitochondrial ATP synttiafce \ part of a submitochondrial particle or an alkaline 
submitochondrial particle. \ \ ' ] 

51. The imet^etfaccording to claim 45 wherein the mitochondrial ATP 
hydrolase activity is inhibited 

52. An agenflidentified according to any one of the methods of claims 1, 
8,20, 22,38, or 45. \ 

53. A fusion paotein comprising an optional epitope tag fused to an IF 1 
polypeptide. \ 

54. The fusion protein of claim 53 wherein the optional epitope tag 
comprises an amino acid sequence selected from the group consisting of SEQ ID NOS:l-9, 
and 68. \ 
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55. The fusion protein of claim 53 wherein the optional epitope tag 
comprises a polyhistidine tag. 



56. \ The fusion protein of claim 53 wherein the polyhistidine tag 
comprises an amino acid sequence as set forth in SEQ ID NOS:l or 68. 
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57. The fusion protein of claim 53 wherein the IF1 polypeptide 
comprises an amino aoid sequence selected from the group consisting of the amino acid 
sequences set forth in SEQ ID NOS:12, 13, 29, 63, 64, 65, 66 and 67. 

58. A nision protein comprising (i) an optional epitope tag, which is 
fused to (ii) a cellular transport sequence, which is fused to (iii) an organellar targeting 
sequence, which is fused toViy^aniFl polypeptide. 



H ^ 



2=S : 

i y 



59. The fusionX protean of claim 58 wherein the optional epitope tag 
comprises an amino acid sequ^nce^elected from the group consisting of SEQ ID NOS:l-9, 
and 68. 

60. The fusiolf protein of claim 58 wherein the optional epitope tag 
comprises a polyhistidine tag. 

61. The fusion Wotein of claim 60 wherein the polyhistidine tag 
comprises an amino acid sequence as set forth in SEQ ID NOS:l or 68. 



62. The fusion prqfein of claim 58 wherein the cellular transport 
sequence comprises a tat sequence. 
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\63. The fusion protein of claim 62 wherein the tat sequence is selected 
from the groupXconsisting of the amino acid sequences set forth in SEQ ID NOS: 10 5 27 
and 70. \ 

64. \ The fusion protein of claim 58 wherein the organellar targeting 
sequence comprises a mitochondrial targeting sequence. 

65. vThe fusion protein of claim 64 wherein the mitochondrial targeting 
sequence comprises anlamino acid sequence as set forth in SEQ ID NO:69. 

66. The fusion protein of claim 58 wherein the IF1 polypeptide 
comprises an amino acia sequence selected from the group consisting of the amino acid 
sequences set forth in SEQ ID NOS:12, 13, 29, 63, 64, 65, 66 and 67. 

67. The rus\pn Jtfotein of claim 58 wherein the optional epitope tag 
comprises a polyhistidine tag haVing an j&mino acid sequence as set forth in SEQ ID NO: 68, 
the cellular transport sequence comprises a tat sequence as set forth in SEQ ID NO: 70, the 
organellar targeting sequence comprises a mitochondrial targeting sequence as set forth in 
SEQ ID NO: 69, and the IF1 polypeptide comprises an amino acid sequence as set forth in 
SEQ ID NO:29. \ 

68. The fusion rorotein of claim 58 wherein the fusion protein comprises 
an amino acid sequence as set forthUn SEQ ID NO:71. 

69. A fusion protfein comprising (i) an optional epitope tag, which is 
fused to (ii) a cellular transport sequence, which is fused to (iii) an IF1 polypeptide. 



149 



10. The fusion protein of claim 69 wherein the optional epitope tag 
comprises an ammo acid sequence selected from the group consisting of SEQ ID NOS: 1-9, 
and 68. \ 

71. \ The fusion protein of claim 69 wherein the optional epitope tag 
comprises a polyhistiaine tag. 

72. The fusion protein of claim 71 wherein the polyhistidine tag 
comprises an amino acidWquence as set forth in SEQ ID NOS:l or 68. 

73. Theuusion protein of claim 69 wherein the cellular transport 
sequence comprises a tat sequence. 

74. The fusion /protein of claim 73 wherein the tat sequence is selected 
from the group consisting of the WurolEIcK sequences set forth in SEQ ID NOS: 10, 27, 
and 70. \ \ 

75. The fusion protein of claim 69 wherein the IF1 polypeptide 
comprises an amino acid sequence selected from the group consisting of the amino acid 
sequences set forth in SEQ ID NOSM2, 13, 29, 63, 64, 65, 66, and 67. 

76. The fusion protein of claim 58 wherein the optional epitope tag 
comprises a polyhistidine tag having an amino acid sequence as set forth in SEQ ID NOS:l 
or 68, the cellular transport sequence comprises a tat sequence as set forth in SEQ ID 
NOS: 10 or 70, and the IF1 polypeptide comprises an amino acid sequence as set forth in 
SEQ ID NO:29. \ 

77. A fusion protein comprising (i) an optional epitope tag, which is 
fused to (ii) a cellular transport sequence. \ 
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78. The fusion protein of claim 77 wherein the optional epitope tag 
comprises an ammo acid sequence selected from the group consisting of SEQ ID NOS:l-9, 
and 68. \ 

79. \ The fusion protein of claim 77 wherein the optional epitope tag 
comprises a polyhistifline tag. 

80. The fusion protein of claim 79 wherein the polyhistidine tag 
comprises an amino acioi sequence as set forth in SEQ ID NOS:l or 68. 

81. The\ fusion protein of claim 77 wherein the cellular transport 
sequence comprises a tat sebuence. 

82. The msibn / prfcitein of claim 81 wherein the tat sequence is selected 
from the group consisting ofVhe Wij^TacM sequences set forth in SEQ ID NOS: 10, 27, 
and 70. \ \ J 

83. A nucleia acid expression construct encoding a fusion protein 
according to any one of claims 53\82. 

84. A host cell comprising the expression construct according to claim 
83. \ 

85. A method for producing a fusion protein comprising culturing the 
host cell of claim 84 and recovering saidifusion protein therefrom. 
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